In this note the CMS discovery potential for the light charged Higgs boson in the Minimal Supersymmetric Standard Model framework is presented. Different Higgs boson production mechanisms were studied to cover the mass range
Introduction
The Minimal Supersymmetric extension to the Standard Model (MSSM) [1] requires the introduction of two Higgs doublets in order to preserve the supersymmetry. Five physical Higgs particles are predicted, two CP-even (h,H), one CP-odd (A) and two charged ones ( 7 8 ) . All couplings and masses of the MSSM Higgs sector are determined at the lowest order by two independent parameters, which are generally chosen as and W X B Y @ § " d [ 5, 6] .
In the study presented in this note the light charged Higgs GeV/5
. The mass range chosen is the most critical since for Higgs boson masses close to the top mass the signal rate is low. Proving that the discovery is attainable in this mass range would imply that the light charged Higgs boson can be discovered also at lower masses. The analysis is based on full simulation and reconstruction of the CMS detector. All results are obtained according to the LEP $ n m f o p q X 3 r benchmark scenario [3] with the following choice of the MSSM parameters: SU (2) q . This document is organized as follows: Section 2 describes the signal and background channels considered for the analysis; cross sections and branching fractions are discussed. Event selection, reconstruction issues and selection efficiencies are described in Sections 3 and 4; additional contributions to signal and background not already discussed in Section 2, are presented in Section 5. Finally the results including the evaluation of systematic uncertainties are discussed in Section 6 and conclusions are drawn in Section 7.
Signal and background simulation, cross sections and branching ratios
The MSSM charged Higgs boson can be produced in top quark decays, was calculated with HDECAY [13] while TAUOLA [14] was used to evaluate the j hadrons branching ratios. All others were calculated with PYTHIA 6.2 [8] . ) the trigger efficiency is higher than the signal events due to having two leptons in the events.
Jet reconstruction, selection and b-tagging
Jets were reconstructed with the Iterative Cone algorithm [20] with a cone size
The energy of reconstructed jets is corrected, according to the algorithm described in [21] , to better reproduce the generated jet energy. Jets were selected within 
The identification of b-quark jets was performed by exploiting the method based on the impact parameter significance ( [22] ). The b-tagging method is based on the evidence that tracks in jets originating from b hadrons decay carry information about long lifetime and have impact parameter larger than tracks belonging to light-quark jets. Accordingly, the impact parameter significance, defined as the ratio of the track impact parameter to its measurement error, can be used as tagging variable. Jets containing at least 3 tracks with transverse impact parameter significance greater than 2 were tagged as b-jets.
Events satisfying the requirement
were subsequently required to contain only one b-jet. Jets from W W background are in general more energetic than jets in signal 7 y E events, because of different kinematics. Requiring only one b-jet in the event helps reducing the background, as will be discussed later in Section 5. The b-tagging efficiency and purity for signal and background events are listed in Table 6 . (only towers belonging to jets are considered). If this condition is satisfied by the first jet, it is used for the next steps otherwise the second reconstructed jet is used and this cut is applied. If none of the first two jets satisfies this requirement, the event is rejected. In the next step a matching cone with 
Õ i
G eV/5 in the isolation cone except for those falling in the signal cone, the isolation is satisfactory.
Hadronic decays produce localized energy deposits in the electromagnetic calorimeter. The electromagnetic isolation parameter (Eq. 1) is used to suppress the contamination arising from quark and gluon jets [23] :
When a jet satisfies all requirements mentioned above, it is identified as a -jet candidate. Figure 3 shows the distribution of the transverse energy of jet candidates reconstructed with this procedure. A cut on the transverse energy of the jet, h i p À 4 G eV, can be applied to suppress the background. The effect of cutting on the leading track Õ and on the number of decay prongs was checked after all other selection requirements were satisfied. The effect was proven to be negligible. Figure 4 shows the number of reconstructed tracks in the signal cone 0.07 and the number of generated charged pions in decays for signal events as well as the number of reconstructed tracks in the signal cone for background events.
Since the leading track in the jst is more energetic in signal events than in background events, a cut on the energy carried by the leading track in the signal cone is applied by requiring ), b) Number of charged pions in the decay in the same signal sample; Number of tracks in the signal cone 0.07 around the leading track: c) Table 6 : b-tagging efficiency and purity for signal and background events.
The total charge of all tracks contained in the signal cone of an identified , since they originate from mother particles of opposite charges (7
¢
) . Figure 6 shows the reconstructed charge of -jets for one of the signal samples and also for the background events. Since in the signal W W e vents only
G
was generated, the reconstructed charge has a peak at a charge of -1. The jet tagging efficiency and purity are summarized in Table 7 
Missing
The missing transverse energy reconstruction is performed by summing all the Ecal energy deposits plus the Hcal towers and correcting for muons (if any in the event). The raw energy jets of jets involved in the å Þ F Þ reconstruction are corrected [24] to improve their energy resolution. Only jets with raw jet i { C ! 4
GeV are used; this cut is optimized to improve the å Þ F Þ resolution ( Figure 7 ). Figure 8 GeV is applied to increase the signal to background ratio. 
Signal and background selection efficiencies
The summary of all event selection requirements together with the corresponding efficiencies is given in Tables  8, 9 (signal) and The one b-jet requirement mentioned in Section 3.2 is decomposed into two different steps: firstly events with at least one b-jet are accepted, secondly events with more than one b-jet are rejected. The first requirement has a higher selection efficiency for background events, however, the second cut rejects background events reasonably (more than 
Contribution of other signal and background final states
Before calculating the signal statistical significance the contribution of other signal and background events is estimated. In this study only
was considered as signal for
GeV/5 u . Other final states, however, should be also taken into account if their cross sections have sizable effects in the discovery. Table 11 lists all other signal final states which could be added to the signal events which were studied in this note, as well as their cross section times branching ratios for three charged Higgs masses of
As shown in Table 11 , the cross section of these channels is not negligible. The dominant channel (channel III) has a cross section times branching ratio of is taken into account (Fig. 9) , considering a factor of two reduction in the selection efficiency of channel III compared to the selection efficiency of
) , a total number of 12, 5 and 2 events is obtained after
GeV/5 6 r espectively. This corresponds to r ² additional contribution to the signal events and considered to be negligible.
An available sample of events containing # W f ¹ B º hE was used in this analysis and the single top background contribution was estimated to be small on the base of the following argument. The cross section times branching ratio of # W ¹ º hE considering the largest possible theoretical cross section within the theoretical uncertainty of the cross section calculation is ! ¥z E [10] . and they have a total cross section times branching ratio of 2 3 z ¥ Â È [10] . This cross section is also the largest possible value taking into account the theoretical uncertainty. Therefore the contribution of single top channels with final states containing jets which could be mistagged as -jets is estimated by assuming that all selection efficiencies is the same as that for the single top signal. Exceptions would be the selection efficiency because of the possibility of having a real or fake -jet depending on the final state and the selection efficiency of the cut on the sum of the charges of the lepton and the -jet in the event (in events with fake -jet the efficiency of this cut is smaller because there is no correlation between the charge of the jet which is mistagged as a -jet and the charge of the lepton in the event). 
¥
) for single top events with fake -jet, the total selection efficiency of these single top events is estimated by using the selection efficiencies of GeV/5
. Numbers in each row show the remaining cross section after applying the corresponding cut. Numbers in parentheses are relative efficiencies in percent. 
events using Table 10 .
A total selection efficiency of 
Results with systematic uncertainties
Because the
signal events are characterized by a final state containing two neutrinos, the charged Higgs mass cannot be reconstructed. The presence of signal must be thus inferred by observing an excess of events over the Standard Model expectation. Once the charged Higgs existence is inferred with this search strategy, the corresponding channel with 8 l Î c an be used for transverse mass reconstruction.
Since the number of background events after all selection cuts is large enough (more than 1000 events), the significance can be defined as 
The systematic uncertainties on the signal statistical significance calculation include the experimental uncertainty on the selection of background events as well as the theoretical uncertainty on the cross section of the W u W a nd single top background. In the next sections the approach used for including the systematic uncertainties is described, for Table 10 : List of selection cuts and their efficiencies for background events. Numbers in each row show the remaining cross section after applying the corresponding cut. N umbers in parentheses are relative efficiencies in percent. 
GeV/5
17.83 pb 8.44 pb 3.05 pb W W e vents is used for taking into account the theoretical cross section uncertainty. We rely on the current theoretical predictions of the Standard Model W W c ross section rather than on its measurement from the data. The measurement of the W W c ross section from the data would be affected by possible constributions from SUSY events and needs a dedicated study. In the real experiment any existence of SUSY events would appear as a source of background in the search for the signal and this also needs a separated study.
The experimental uncertainty on the background event selection was added quadratically to the background statistical fluctuation in the denominator of the significance formula (Eq. 2). The For the 8 C U 6 W n o theoretical cross section uncertainty was introduced as their cross section is assumed to be measured in the real experiment, however the effect of variation of the cross section was studied by changing the cross section by a factor of ¢ B 4 ã ² which led to negligible change in the signal significance. The experimental uncertainty was estimated starting from a cross section given by MadEvent package (Table 4) 
The
£ ! ¤ £
background contribution uncertainty
The experimental uncertainty on the W W b ackground event selection (Table 10 ) is expected to receive contributions from the uncertainty on the b-jet tagging, the -tagging and the lepton reconstruction efficiencies. An additional source of systematic uncertainty is due to the requirement
G eV because of the uncertainty on the jet energy scale. The luminosity uncertainty has also been taken into account with a value of ³ ² which is added quadratically to other terms. The systematic error on the b-tagging efficiency was discussed in [25] leading to an assumption of ³ ²
. In this study a more conservative value of ³ ² is assumed at
. The uncertainty on the -tagging efficiency is taken to be
w hich is more conservative than the estimate given in [25] . The preliminary studies on the uncertainty of the lepton reconstruction efficiency show 
In W W c hannels with no real tau, the uncertainty of tagging a tau jet is replaced by the uncertainty of mistagging a jet as a tau jet.
The total error on the theoretical NLO cross section for W W events consists of the uncertainty due to energy scale variation as well as to the choice of PDF. The uncertainty on the energy scale is considered to be ² according to [27] . The recent results [28] 
The
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background contribution uncertainty
The cross section of 8 C ® U u W e vents is assumed to be measured in the real experiment and a simple approach was tried in this note. The value z B À ³ 4 w È , calculated with the MadEvent package after generator level preselection cuts, as described earlier, was used for the total cross section of y '
A set of selection cuts was devised in order to isolate an event sample dominated by W+3 jets events which in the following will be referred to as "signal free area". The contribution of these events in the signal free region is estimated by first applying the L1 + HLT single lepton trigger selections. If the triggering lepton is an electron, an isolation requirement in the tracker is applied. Tracks seeds are reconstructed in the pixel detector; for the isolation it is required that no pixel seeds with
Õ i
GeV are present in the cone of © u a Ë 4 ¥ Ü around the electron direction. This isolation requirement is applied to reject QCD multi-jet events. Then ß È C jets are required with f x i § À 4
GeV (after jet energy correction). The W W 9 ¹º Î U E E component present in the sample is reduced by requiring no b-jet in the event. The non-b-jets are identified by requiring an anti-b-tag with the impact paramter significance method used in this analysis. Table 13 shows the full list of selection cuts and their efficiencies and the final cross section of events which pass all selection cuts. 
The total number of observed events after the selection described before is the sum of the real 8 C · U u W ) is the total selection efficiency for 8 j C v U 6 W e vents in the signal (background) area. The selection efficiency in the background area corresponds to the total selection efficiency as shown in Table 13 while the selection efficiency in the signal area corresponds to the total selection efficiency as shown in Table 10 .
The experimental uncertainty on the event selection in the signal area is due to the uncertainty on the lepton reconstruction efficiency, the uncertainty on the ) plane for the light charged Higgs discovery including the effect of systematic uncertainties.
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